MICRON.27 1 A PATENT 
STRUCTURE AND METHOD OF FABRICATING A TRANSISTOR HAVING A 

TRENCH GATE 



Background of the Invention 

Field of the Invention 

[0001] The present invention relates to integrated circuit transistors. In particular, 
the invention relates to a structure and method of fabricating a transistor having a trench gate. 
Description of the Related Art 

[0002] Integrated circuit designers often desire to increase the density of elements 
within an integrated circuit by reducing the size of the individual elements and reducing the 
separation distance between neighboring elements. One example of a common integrated 
circuit element is a transistor, which can be found in many devices, such as memory circuits, 
processors, and the like. A typical integrated circuit transistor comprises a source, a drain, 
and a gate formed at the surface of the substrate. 

[0003] Although it is generally desirable to reduce the size of integrated circuit 
transistors, the ability to shrink certain dimensions, such as the length of the gate, can be 
limited due to the voltage levels needed to perform certain operations. In one example, a 
relatively high amount of voltage can be required by some transistors used in flash memory 
to perform certain operations, such as program, read, and erase. One approach for reducing 
the size of such transistors while maintaining the gate length necessary to satisfy the voltage 
requirements is to form the transistor gate as a trench below the surface of the substrate. 

[0004] In one example, a transistor gate can be implemented as a U-shaped trench 
connecting the source and the drain. Such a U-shaped gate trench maintains the gate length 
while allowing the gate surface area to decrease. 

Summary of the Invention 

[0005] Present fabrication methods for a transistor with a U-shaped gate trench 
produce a transistor structure that is prone to parasitic current traveling from the source to the 
drain along the gate trench sidewall due to unetched substrate material present at the gate 
trench sidewall. In addition, it is difficult to maintain isolation between gate trench bottoms 
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of neighboring transistors using current fabrication techniques. A unique transistor structure 
and a fabrication process are disclosed to prevent unetched substrate material from forming 
along the gate trench sidewall and to facilitate isolation of neighboring transistors. 

[0006] In one embodiment of the present invention, a semiconductor device 
comprises a transistor having a source and a drain comprising a substrate material and a gate 
trench between the source and the drain. The device also comprises an isolation trench filled 
with a nonconductive material surrounding the transistor. The gate trench has sidewalls 
comprising the nonconductive material, which are substantially free of the substrate material. 

[0007] In another embodiment, an integrated circuit transistor comprises a source, 
a drain, and a gate trench between the source and the drain. The gate trench has 
nonconductive sidewalls and has a first depth. The transistor is surrounded by an isolation 
trench having a second depth that is greater than the first depth. The nonconductive sidewalls 
of the gate trench are formed at a point toward the middle of the gate trench and away from 
the isolation trench. 

[0008] In another embodiment, a method of forming a semiconductor element 
comprises providing a semiconductor substrate having a hard mask layer deposited thereon, 
patterning the hard mask layer with a first photo mask, and etching the semiconductor 
substrate to form an isolation trench having a first depth. The method further comprises 
patterning the hard mask layer with a second photo mask, and etching the semiconductor 
substrate to form a gate trench having a second depth and simultaneously etching the 
isolation trench to a third depth, wherein the third depth is greater than the second depth. 

[0009] In another embodiment, a method of fabricating a transistor comprises 
patterning a substrate with a first mask, forming an isolation trench in the substrate, and 
depositing a nonconductive material in the isolation trench. The method further comprises 
patterning the substrate with a second mask and forming a gate trench surrounded by a ridge 
of substrate material, wherein the ridge of substrate material is separated from a source, a 
drain and a gate by a separation trench. The method further comprises filling the gate trench 
and the separation trench with the nonconductive material, patterning the nonconductive 
material with a third mask, and removing the nonconductive material from a region of the 
gate trench, thereby forming a trench with sidewalls comprising the nonconductive material. 
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Brief Description of the Drawings 

[0010] These and other features and advantages of the invention will now be 
described with reference to the drawings of certain preferred embodiments, which are 
intended to illustrate, and not to limit, the invention. Throughout the drawings, reference 
numbers are re-used to indicate correspondence between referenced elements. 

[0011] Figures 1-10 illustrate the formation of an integrated circuit transistor in 
accordance with one embodiment of the present invention. 

[0012] Figures 11-16 illustrate the formation of an integrated circuit transistor in 
accordance with another embodiment of the present invention. 

[0013] More specifically, Figure 1 is a perspective view of a semiconductor 
device in which a transistor can be formed. 

[0014] Figure 2 illustrates an active area photo mask to be applied to the device 
illustrated in Figure 1 . 

[0015] Figure 3 illustrates the device of Figure 1 after the active area photo mask 
of Figure 2 has been applied to pattern the hard mask layer. 

[0016] Figure 4 illustrates the device of Figure 3 after an isolation trench has been 
partially etched. 

[0017] Figure 5 illustrates a gate area photo mask to be applied to the device 
illustrated in Figure 4. 

[0018] Figure 6 illustrates the device of Figure 4 after the gate area photo mask of 
Figure 5 has been applied to further pattern the hard mask layer. 

[0019] Figure 7 illustrates the device of Figure 6 after the gate trench and the 
isolation trench have been etched. 

[0020] Figure 8 illustrates the device of Figure 7 after a nonconductive material 
has been applied as a blanket layer over the partially formed transistor. 

[0021] Figure 9 illustrates a gate trench photo mask to be applied to the device 
illustrated in Figure 8. 
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[0022] Figure 10 illustrates the device of Figure 8 after the gate trench photo 
mask of Figure 9 has been applied and a gate trench has been etched to form a transistor 
having a gate trench with nonconductive sidewalls. 

[0023] Figure 1 1 is a perspective view of another semiconductor device in which 
an isolation trench has been formed and in which a transistor can be formed. 

[0024] Figure 12 illustrates a gate area photo mask to be applied to the device 
illustrated in Figure 1 1 . 

[0025] Figure 13 illustrates the device of Figure 11 after application of the gate 
area photo mask of Figure 12 and subsequent etching. 

[0026] Figure 14 illustrates the device of Figure 13 after a nonconductive material 
has been deposited over the partially formed transistor. 

[0027] Figure 15 illustrates a gate trench photo mask to be applied to the device 
illustrated in Figure 14. 

[0028] Figure 16 illustrates the device of Figure 14 after the gate trench photo 
mask of Figure 15 has been applied and a gate trench has been etched to form a transistor 
having a gate trench with nonconductive sidewalls. 

Detailed Description of the Preferred Embodiment 

[0029] For purposes of illustration, various embodiments of the invention will be 
described in the context of a transistor having a particular configuration. For example, in 
some embodiments, an integrated circuit transistor is formed in accordance with the present 
invention by performing the method illustrated in Figures 1-10. In other embodiments, an 
integrated circuit transistor is formed in accordance with the present invention by performing 
the method illustrated in Figures 11-16. The details associated with these exemplary 
structures and methods are set forth to illustrate, and not to limit, the invention/ The scope of 
the invention is limited only by the appended claims. 

[0030] Figure 1 is a perspective view of a semiconductor device 100 in which a 
transistor can be formed. The device 100 includes a substrate 110, which may comprise any 
of a wide variety of suitable materials. For example, while the substrate 110 illustrated in 
Figure 1 comprises an intrinsically doped monocrystalline silicon wafer, those of ordinary 
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skill in the art will understand that the substrate 110 in other devices can comprise other 
materials and/or additional semiconductor layers. 

[0031] Although a single device 100 is illustrated in Figure 1, those of ordinary 
skill in the art will understand that a plurality of semiconductor devices 100 are preferably 
fabricated simultaneously on the same substrate 110. For example, the device 100 can be one 
of many like devices arranged in an array. 

[0032] As illustrated in Figure 1, the substrate 110 is coated with a layer of 
material 120 suitable to be used as a hard mask, in accordance with one embodiment of the 
invention. The substrate 110 can also be coated with an optional nitride layer (not shown). 
The hard mask 120 can comprise TEOS, amorphous carbon, Si 3 N 4 , Si0 3 N 4 , SiC, or any other 
suitable hard mask material, having a thickness preferably within the range of about 100 A to 
about 700 A, more preferably within the range of about 100 A to about 300 A. 

[0033] Figure 2 illustrates an active area photo mask 130 to be applied to the 
device 100 illustrated in Figure 1 to pattern the hard mask layer 120. The shaded portion of 
the active area photo mask 130 represents the area in which the hard mask 120 will remain 
after applying conventional photolithography and etching techniques, and the unshaded 
portion represents the area in which the hard mask 120 will be removed. 

[0034] Figure 3 illustrates the device 100 of Figure 1 after the active area photo 
mask 130 has been applied, and the hard mask 120 has been patterned. As illustrated in 
Figure 3, the hard mask 120 remains over the area of the substrate 1 10 in which the transistor 
will be formed. The hard mask 120 is removed, however, from an area 210 of the substrate 
1 10 in which an isolation trench (also referred to as a shallow trench isolation, or STI, trench) 
will be formed around the transistor. The hard mask 120 can be patterned using conventional 
photolithography and etching techniques that are well known to those of ordinary skill in the 
art. 

[0035] As illustrated in Figure 4, an isolation trench 310 is etched into the area 
210 to a depth that is less than the desired final depth. In some embodiments, the isolation 
trench 310 is etched using a process such as, for example, ion milling, reactive ion etching, or 
chemical etching. If an etching process involving a chemical etchant is selected, any of a 
variety of well-known etchants can be used, such as for example, Cl 2 . 



Micron Reference No. 02-1133 



-5- 



Knobbe, Martens, Olson & Bear 



[0036] Figure 5 illustrates a gate area photo mask 320 to be applied to the device 
100 illustrated in Figure 4 to further pattern the hard mask 120. The shaded portion of the 
mask 320 represents the areas of the substrate 110 and the hard mask 120 that will be 
protected during the subsequent etching step, and the unshaded portion of the mask 320 
represents the areas that will be removed during the subsequent etching step. 

[0037] The dashed line 330 represents the active areas of the partially formed 
transistor (e.g., the source, drain, and gate), as defined by the remaining hard mask 120. The 
dashed line 330 does not form part of the gate area photo mask 320, and is illustrated 
primarily to show how the mask 320 is aligned over the device 100. Because the purpose of 
the mask 320 is only to remove the hard mask 120, the unshaded portion of the mask 320 can 
advantageously be wider than necessary to allow for possible mask misalignment. Thus, in 
some embodiments, the unshaded portion of the mask 320 extends into the area of the 
isolation trench 310, as illustrated in Figure 5. 

[0038] Figure 6 illustrates the device 100 of Figure 4 after the gate area photo 
mask 320 has been applied, and the hard mask 120 has been further patterned. As illustrated 
in Figure 6, the hard mask 120 remains over the areas of the substrate 110 in which the 
source 420 and drain 430 will be formed. The hard mask 120 is removed, however, from the 
area 410 of the substrate 1 10 in which the gate trench will be formed. 

[0039] The hard mask 120 can be patterned using well-known photolithography 
and etching techniques. For example, in some embodiments, photoresist is deposited as a 
blanket layer over the device 100 and exposed to radiation through the gate area photo mask 
320. Following this exposure, the photoresist film is developed to form a photoresist mask 
on the surface of the hard mask 120, and the hard mask 120 is etched to expose the area 410 
of the substrate 110 in which the gate trench will be formed using at least one suitable 
etching process. Suitable etching processes, examples of which are described above, are well 
known to those of skill in the art. 

[0040] Figure 7 illustrates the device 100 of Figure 6 after the gate trench 510 and 
the isolation trench 310 have been formed by etching the substrate 110 with the hard mask 
120 covering the source 420 and the drain 430, and after the hard mask material has been 
removed. In some embodiments, the gate trench 510 and the isolation trench 310 are etched 
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using a process such as, for example, ion milling, reactive ion etching, or chemical etching. 
If an etching process involving a chemical etchant is selected, any of a variety of well-known 
etchants can be used, such as for example, Cl 2 . In some embodiments, the gate trench 510 
forms with rounding at the bottom, or U-shaped, so as to avoid sharp bends in the interface 
between the substrate 1 10 and the gate trench 510. 

[0041] In a preferred embodiment, the sequence of etches illustrated in Figures 4 
and 7 can be timed such that the resulting depth of both the gate trench 510 and the isolation 
trench 310 are as desired. The depth of the isolation trench 310 is preferably different than 
the depth of the gate trench 510. For example, in some embodiments, the depth of the 
isolation trench 310 is greater than the depth of the gate trench 510. In one exemplary 
embodiment, the depth of the gate trench 510 falls within the range of about 50 nm to about 
300 nm, preferably about 200 nm, and the depth of the isolation trench 310 falls within the 
range of about 300 nm to about 500 nm, preferably about 350 nm. 

[0042] As also illustrated in Figure 7, the hard mask 120 covering the source 420 
and the drain 430 is removed using at least one suitable etching process. Examples of 
suitable etching processes are described above and are well known to those of skill in the art. 

[0043] Figure 8 illustrates the device 100 of Figure 7 after a nonconductive 
material 610 has been applied as a blanket layer over the partially-formed transistor. The 
nonconductive material 610 can comprise any of a wide variety of materials, such as, for 
example, an oxide material, preferably a high density plasma oxide (HDP oxide). The 
nonconductive material 610 can be deposited using any suitable deposition process, such as, 
for example, chemical vapor deposition (CVD) or physical vapor deposition (PVD). 

[0044] In some embodiments, the nonconductive material 610 fills the isolation 
trench 310 and the gate trench 510. The nonconductive material 610 can then be polished 
back to expose the source 420 and the drain 430 using any suitable polishing process, such 
as, for example, chemical-mechanical planarization (CMP). Preferably, the hard mask 
material (e.g. nitride) would remain over the source and drain and act as a CMP stop while 
protecting the source and drain. In this case, the hard mask would be removed after CMP, 
exposing the source and drain regions. 
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[0045] Figure 9 illustrates a gate trench photo mask 620 to be applied to the 
device 100 illustrated in Figure 8. The shaded portion of the mask 620 represents the areas of 
the substrate 110 and the nonconductive material 610 that will be protected during the 
subsequent etching step, and the unshaded portion of the mask 620 represents the areas that 
will be removed during the subsequent etching step. 

[0046] The dashed lines 630 represent the active areas of the partially formed 
transistor (e.g., the source, drain, and gate). The dashed lines 630 do not form part of the gate 
trench photo mask 620, and are illustrated primarily to show how the mask 620 is aligned 
over the device 100. As discussed in more detail below, the unshaded portion of the mask 
620 can advantageously be larger than necessary to allow for possible mask misalignment. 

[0047] Figure 10 illustrates the device 100 of Figure 8 after the gate trench photo 
mask 620 has been applied, and a gate trench 710 has been etched to form a transistor having 
a gate trench 710 with nonconductive sidewalls 720. The gate trench 710 can be formed 
using conventional photolithography and etching techniques. Conventional photolithography 
and etching techniques are described above, and are well known to those of skill in the art. 

[0048] For example, in some embodiments, a photoresist film is deposited on the 
nonconductive material 610 and exposed to radiation through the gate trench photo mask 
620. Following this exposure, the photoresist film is developed to form a photoresist mask 
on the surface of the nonconductive material 610, and the nonconductive material 610 is 
etched to form the gate trench 710. In some embodiments, the gate trench 710 is etched 
using a process such as, for example, ion milling, reactive ion etching, or chemical etching. 
If an etching process involving a chemical etchant is selected, any of a variety of well-known 
etchants can be used, such as for example, CF 4 . 

[0049] Because the gate trench 710 is formed by etching the nonconductive 
material 610 rather than the substrate 1 10, a different etchant is typically used to perform this 
etch than the etchant used to form the isolation trench 310 and the gate trench 510, as 
described above in connection with Figures 4 and 7. This is because very few, if any, 
etchants are used in conventional semiconductor processing that are effective at etching both 
the nonconductive material 610 and the material comprising the substrate 110. 
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[0050] Due to the lack of such etchants, it has been difficult in the past to 
fabricate a transistor with a trench gate without also leaving undesirable sidewalls comprising 
unetched substrate material along the sides of the gate trench. Such sidewalls can form an 
undesired conductive path through which parasitic current can flow between the source and 
the drain of the transistor during operation. 

[0051] Unlike a transistor having a trench gate formed using conventional 
methods, however, the transistor formed using the process illustrated in Figures 1-10 
advantageously has a gate trench 710 with nonconductive sidewalls 720. By etching the gate 
trench 510 and completing the etch of the isolation trench 310 in the same step, the amount 
of unetched substrate material along the sidewalls of the gate trench 510 is reduced or 
eliminated altogether. As a result, when the gate trench 710 is etched, the sidewalls 720 are 
formed of the nonconductive material 610 rather than the substrate material. Because an 
undesired conductive path is not formed at the intersection of the gate trench 710 and the 
isolation trench 310, the flow of parasitic current between the source 420 and the drain 430 
through the sidewalls 720 is advantageously reduced. 

[0052] Another advantage of forming a transistor using the process illustrated in 
Figures 1-10 is that, in some embodiments, the isolation trench 310 can be made deeper than 
the gate trench 710. By making the isolation trench 310 deeper than the gate trench 710, the 
gate trench bottoms of neighboring transistors can be advantageously isolated from one 
another. 

[0053] Another advantage of forming a transistor using the process illustrated in 
Figures 1-10 is that the gate area photo mask 320 and the gate trench photo mask 620 can be 
made to allow for potential mask misalignment. For example, because the sidewalls 720 of 
the gate trench 710 comprise the nonconductive material 610 rather than the material of the 
substrate 110, they do not form a conductive path between the source 420 and the drain 430, 
and thus they can be offset from the outer edges of the gate trench 710. Accordingly, in some 
embodiments, the unshaded portion of the gate trench photo mask 620 can be wider than 
necessary to allow for possible mask misalignment. Because it can be difficult to precisely 
align multiple photo masks over the device 100 during successive masking and etching steps, 
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the allowance for potential mask misalignment provided by the process illustrated in 
Figures 1-10 presents significant advantages. 

[0054] Those of ordinary skill in the art will understand that a variety of 
additional processes can be performed in between any of the aforementioned processes. For 
example, conventional processes related to the electrical characteristics of the transistor can 
be performed, such as depositing doping implants or other additional layers. Such additional 
processes are well known to those of skill in the art. 

[0055] Figure 1 1 is a perspective view of a semiconductor device 800 in which a 
transistor can be formed. The device 800 comprises a semiconductor substrate 810 having an 
isolation trench 820 formed therein, which is filled with a nonconductive material 830, as is 
well-known to those of skill in the art. The substrate 810 of the device 800, like that of the 
device 100 illustrated in Figures 1-10, may comprise any of a wide variety of suitable 
materials that are known to those of skill in the art. In addition, although a single device 800 
is illustrated in Figure 11, those of skill in the art will understand that a plurality of devices 
800 are preferably fabricated simultaneously on the same substrate 810. 

[0056] Figure 12 illustrates a gate area photo mask 840 to be applied to the device 
800 illustrated in Figure 11. The shaded portion of the mask 840 represents the area of the 
substrate 810 that will not be etched after applying conventional photolithography and 
etching techniques, whereas the unshaded portion of the mask 840 represents the area of the 
substrate 810 that will be etched. In the embodiment illustrated in Figure 12, the mask 840 
extends into the area in which the isolation trench 820 is formed. 

[0057] The dashed line 850 represents the boundary between the upper surface of 
the substrate 810 and the surrounding isolation trench 830. The dashed line 850 does not 
form part of the gate area photo mask 840, and is illustrated primarily to show how the mask 
840 is aligned over the device 800. 

[0058] Figure 13 illustrates the device 800 of Figure 11 after application of the 
gate area photo mask 840 and subsequent etching. As illustrated in Figure 13, a gate trench 
910 is etched into the substrate 810. In some embodiments, gate trench 910 forms with 
rounding at the bottom, or U-shaped, so as to avoid sharp bends in the interface between the 
gate trench 910 and the substrate 810. In addition, an area of the substrate 810 surrounding 
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the source/gate/drain area 910, 920, 930 is etched to form a separation trench 940. The 
separation trench 940 is surrounded by a ridge 1140 of unetched substrate material. The 
source 920 and drain 930 of the partially formed transistor also remain unetched. 

[0059] The gate trench 910 and the separation trench 940 can be etched using 
conventional photolithography and etching techniques. For example, in some embodiments, 
a photoresist film is deposited on semiconductor device 800, exposed to radiation through the 
gate area photo mask 840, and developed to form a photoresist mask on the surface of the 
substrate 810. The substrate 810 is then etched using at least one suitable etching process, 
such as, for example, ion milling, reactive ion etching, or chemical etching. If an etching 
process involving a chemical etchant is selected, any of a variety of well-known etchants can 
be used, such as, for example, Cl 2 . 

[0060] Figure 14 illustrates the device 800 of Figure 13 after a nonconductive 
material 1010 has been deposited over the partially formed transistor. The nonconductive 
material 1010 fills the gate trench 910 and the separation trench 940. The nonconductive 
material 1010 can comprise any of a wide variety of materials, such as, for example, an oxide 
material, preferably a high density plasma oxide (HDP oxide). The nonconductive material 
1010 can be deposited using any suitable deposition process, such as, for example, CVD or 
PVD. The nonconductive material 1010 can then be polished back, if necessary, to expose 
the source 920 and the drain 930 using any suitable polishing process, such as, for example, 
CMP. 

[0061] Figure 15 illustrates a gate trench photo mask 1020 to be applied to the 
device 800 illustrated in Figure 14. The shaded portion of the mask 1020 represents the areas 
of the substrate 810 and the nonconductive material 820 that will be protected during the 
subsequent etching step, and the unshaded portion of the mask 1020 represents the areas that 
will be removed during the subsequent etching step. 

[0062] The dashed lines 1030 represent the active areas of the partially formed 
transistor (e.g., the source, drain, and gate) and the surrounding ridge 1140 of substrate 
material. The dashed lines 1030 do not form part of the gate trench photo mask 1020, and are 
illustrated primarily to show how the mask 1020 is aligned over the device 800. As 
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discussed above, the unshaded portion of the mask 1020 can advantageously be larger than 
necessary to allow for possible mask misalignment. 

[0063] Figure 16 illustrates the device 800 of Figure 14 after the gate trench photo 
mask 1020 has been applied and a gate trench 1110 has been etched to form a transistor 
having a gate trench 1110 with nonconductive sidewalls 1 120. The gate trench 1110 can be 
formed using conventional photolithography and etching techniques. Conventional 
photolithography and etching techniques are described above, and are well known to those of 
skill in the art. 

[0064] For example, in some embodiments, a photoresist film is deposited on the 
nonconductive material 1010 and exposed to radiation through the gate trench photo mask 
1020. Following this exposure, the photoresist film is developed to form a photoresist mask 
on the surface of the nonconductive material 1010, and the nonconductive material 1010 is 
etched to form the gate trench 1110. In some embodiments, the gate trench 1110 is etched 
using a process such as, for example, ion milling, reactive ion etching, or chemical etching. 
If an etching process involving a chemical etchant is selected, any of a variety of well-known 
etchants can be used, such as for example, CF 4 . 

[0065] As illustrated in Figure 16, the transistor comprises a source 920, a drain 
930, and a gate trench 1110 surrounded by a separation trench 940 filled with a 
nonconductive material 1010. In some embodiments, the depth of the separation trench 940 
and the depth of the gate trench 1110 are approximately equal and are shallower than the 
isolation trench 820. In one exemplary embodiment, the depth of the separation trench 940 
and the gate trench 1110 falls within the range of about 50 nm to about 300 nm, preferably 
about 200 nm, and the depth of the isolation trench 820 falls within the range of about 300 
nm to about 500 nm, preferably about 350 nm. 

[0066] In the embodiment illustrated in Figure 16, the separation trench 940 
surrounds the transistor on all sides. In other embodiments, the separation trench 940 can 
have a different shape, such as one that does not completely surround the source 920 and the 
drain 930 of the transistor! For example, in one embodiment, the shape of the separation 
trench 940, when viewed from above, resembles a letter "H" (rather than a figure 8, as in the 
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illustrated embodiment), such that one side of the source 920 and one side of the drain 930 
are in contact with the ridge 1 140 of substrate material. 

[0067] Like the transistor discussed above, the transistor formed using the process 
illustrated in Figures 11-16 advantageously has a gate trench 1110 with nonconductive 
sidewalls 1120. By etching the gate trench 910 and the separation trench 940 in the same 
step, there is no unetched substrate material along the sidewalls of the gate trench 910. As a 
result, when the gate trench 1110 is etched, the sidewalls 1120 are formed of the 
nonconductive material 1010 rather than the substrate material. Accordingly, an undesired 
conductive path is not formed between the source 920 and the drain 930, and the flow of 
parasitic current through the sidewalls 1 120 is advantageously reduced. 

[0068] Another feature of forming a transistor using the process illustrated in 
Figures 11-16 is that the transistor is separated from the isolation trench 820 by a ridge 1140 
of substrate material. Advantageously, the location of the ridge 1140 of substrate material 
avoids shorting between neighboring transistors. 

[0069] In addition, as discussed above, an advantage of forming a transistor using 
the process illustrated in Figures 11-16 is that gate trench photo mask 1020 can be made to 
allow for potential mask misalignment. Because it can be difficult to precisely align multiple 
photo masks over the device 800 during successive masking and etching steps, the allowance 
for potential misalignment of the gate trench photo mask 1020 presents significant 
advantages. 

[0070] As discussed above, those of ordinary skill in the art will understand that a 
variety of additional processes can be performed in between any of the aforementioned 
processes. For example, conventional processes related to the electrical characteristics of the 
transistor can be performed, such as depositing doping implants or other additional layers. 
Such additional processes are well known to those of skill in the art. 

[0071] Although this invention has been described in terms of certain preferred 
embodiments, other embodiments that are apparent to those of ordinary skill in the art, 
including embodiments that do not provide all of the features and advantages set forth herein, 
are also within the scope of this invention. Accordingly, the scope of the present invention is 
defined only by reference to the appended claims. 
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